Gas Generator 

Technical Field 

The invention relates to an elongated, multiple-stage gas generator. 
Background of the Invention 

Such multiple-stage gas generators are intended and are being used to adapt 
5 the generated quantity of gas to the requirements of a vehicle occupant restraint 
system in accordance with the situation. Tubular gas generators have an outer 
housing, the axial length of which is distinctly greater than the diameter. Such 
tubular gas generators have hitherto been constructed so as to have two stages, the 
igniters being provided in the axial end walls of the outer housing. 

10 Brief Summary of the Invention 

The invention provides a more than two-stage, namely at least three-stage gas 
generator, which is distinguished by a simple construction. According to the 
invention, a gas generator comprises an elongated outer housing that has end faces 
and a side wall, at least three stages which can be activated independently of each 

15 other, and for each stage an associated igniter unit. The igniter units are mounted 
laterally to the side wall of the outer housing preferably from outside and not, as 
in prior art, provided axially on the end walls of the outer housing. This makes the 
gas generator according to the invention more compact in its axial extent. 
Furthermore, it allows a good accessibility to the igniters which do not, as in prior 

20 art, have to be already installed when the outer housing is put together and closed. 
Rather, all the igniter units can be mounted very late to the outer housing, laterally 
from the exterior, and fastened thereon. Finally, the accessibility to the igniters is 
also very good, because these protrude laterally, preferably all in the same 
direction, so that the igniter plugs do not have to be attached to the igniters from 
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different sides. This simplifies the installation in the vehicle, and in addition less 
space has to be made available for installing the igniter plugs. 

Preferably, the igniter units are provided so as to extend radially from the 
outer housing, i.e. the longitudinal axis of the igniter units is perpendicular to the 
5 longitudinal axis of the outer housing. 

In the preferred embodiment, in addition all the igniter units are identical in 
geometry and shape, so that a modular structure can be brought about, at least 
with regard to the igniter units. 

In addition, preferably all the igniter units project in the same direction, i.e. 
10 their longitudinal axes lie in one plane and on one side of the outer housing. 

The outer housing can have a passage opening for each igniter unit, and for 
each stage outlet openings for generated gas. The passage opening and the outlet 
openings can be arranged in diametrically opposite regions of the outer housing. 
This in fact has the following advantage in a purely pyrotechnic gas generator. On 

1 5 one side, namely in the region of the passage opening, the ignition gas which is 
produced in the igniter unit flows into the outer housing and arrives into the 
combustion chamber. From this side, the solid propellant is ignited over a large 
area. The gas generated on combustion of the solid propellant can emerge from 
the outer housing in the region of the opposite side. This construction allows a 

20 uniform burning of the solid propellant. 

The different stages are formed by associated combustion chambers filled with 
solid propellant, as provided by a preferred embodiment. 

Furthermore, the stages could of course also be formed by associated 
chambers filled with compressed gas or liquid propellant, with one individual 
25 igniter unit each being associated thereto. 

The outer housing is preferably constructed in modular form, by at least one 
stage, lying between the axially outer stages, having an outer housing section 
formed by a tubular part. Through this structural development a kind of unit 
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system is formed. Thereby, from the unit which is available, three-stage or more 
than three-stage gas generators can be produced very simply. For this, individual 
cup-shaped outer housing end sections are used, which in each case form one 
stage. One or more prefabricated outer housing sections, which have identical 
5 connection geometries, are placed therebetween. 

Between the outer housing sections, disc-shaped axial dividing walls are 
provided, which all preferably have the same geometry and dimensions. 

If the gas generator according to the invention has three stages, the gas 
generating outputs of these stages are preferably approximately 1/7, 2/7 and 4/7 of 
10 the total gas generating output of the gas generator. Hereby, already very fine 
graduations can be achieved. 

Even more finely graduated is a gas generator with four stages, the gas 
generating outputs of which amount to approximately 7%, 13%, 27% and 53% of 
the total gas generating output of the gas generator. 

1 5 Through the thus graduated three- or four-stage gas generators, a continuously 

adjustable gas generator, as is partly intended, is almost superfluous, because 
depending on which stage or stages is/are ignited and possibly depending on the 
chronological intervals at which these stages are ignited, gas outflow 
characteristics are produced, which differ slightly from each other. 

20 Brief Description of the Drawings 

- Figure 1 shows a longitudinal sectional view through a three-stage gas 
generator according to the invention, 

- Figure 2 shows a longitudinal sectional view through a four-stage gas 
generator according to the invention, 

25 - Figure 3 shows a table which indicates the different gas generating outputs of 

the two gas generators which are illustrated, and 
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- Figure 4 shows a diagram which indicates the can pressure profile in the gas 
generator according to Fig. 1 as a function of the ignited stages. 

Detailed Description of the Preferred Embodiments 

In Fig. 1 there is illustrated a three-stage gas generator with an elongated, 
5 tubular, cylindrical outer housing 10. 

The stages are designated by 12, 14 and 16 and have their own separate 
combustion chambers 22, 24, 26 and associated igniter units 32, 34, 36, 
respectively. In each combustion chamber 22, 24, 26 a quantity of solid propellant 
40 is contained, which can be ignited by the associated igniter unit 32, 34, 36. 

10 The individual stages 12, 14, 16 have a different gas generating output which 

depends directly on the quantity of solid propellant contained in the associated 
combustion chamber 22, 24, 26. In Fig. 3 the gas generating output of each stage 
is shown on the left half. The combustion chamber 26 contains approximately 1/7, 
the combustion chamber 22 approximately 2/7 and the combustion chamber 24 

1 5 approximately 4/7 of the total quantity of solid propellant. 

All the igniter units 32, 34, 36 are identical in construction, have the same 
geometry and the same dimensions. In addition, they have an elongated igniter 
housing 42 with a central axis A which intersects the central axis Z of the outer 
housing 10 at right angles. The igniter units 32, 34, 36 are therefore radial to the 

20 outer housing 10 and are mounted laterally externally to it, i.e. fastened thereon. 
In each igniter housing 42, an igniter 44 and a booster charge 46 are housed. To 
the rear side of the igniter 44, electrical contacts 48 are provided, to which an 
igniter plug (not shown) is to be connected. Owing to the arrangement of the 
igniter units 32, 34, 36, these contacts 48 face away from the outer housing 10. As 

25 can also be seen from Fig. 1, all the igniter units 32, 34, 36 lie in one plane, with 
respect to their axes A, and lie on the same side of the outer housing 10. 

The igniter units 32, 34, 36 each have on the side facing the outer housing 10 a 
nozzle-shaped insert 50, which projects through a passage opening 52 in the outer 
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housing 10 into a distributor chamber 54. The distributor chamber 54 is an 
elongated chamber which is of small width and height and extends across the 
entire length of the associated combustion chamber 22, 24, 26. It is formed by an 
indentation of a cylindrical insert 60 consisting of a perforated sheet, which 
5 defines the combustion chamber wall and which lies, except for two indentations, 
against the inner face of the outer housing 10. The first indentation of this insert 
forms the distributor chamber 54. The second indentation, which lies 
diametrically opposite the first indentation, forms an expansion space 62, in the 
region of which outflow openings 64 are provided in the outer housing 10. The 
10 outflow openings 64 are therefore arranged in a region which lies diametrically 
opposite the associated passage opening 52. 

The modular structure of the gas generator is also produced inter alia from the 
sub-division of the outer housing 10. Each stage in fact has its own section of the 
outer housing, formed by a separate part. The two axially outer stages 22 and 26 
15 have cylindrical tubes 72, 76, closed on the outer end face, for the formation of 
the outer housing 10 in sections. The central stage 24 has a tube 74 which is open 
axially on both sides and coupled to the tubes 72, 76 via two identical disc-shaped 
dividing walls 80. 

So-called filling bodies 82 close the combustion chambers 22, 24, 26 to 
20 adjacent stages. 

Each individual stage represents a closed unit which may be pre-assembled. 

After filling of each combustion chamber 22, 24, 26 with the required quantity 
of solid propellant 40, the combustion chamber is closed by means of the filling 
body 82 and can thus be stored. 

25 Numerous different stages are thus produced, which are then selectively 

combined with each other. 
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The finished mounted gas generator is then installed into the vehicle. As the 
contacts 48 on the rear face always point to the same side, the gas generator can 
be equipped with the igniter plugs very quickly and simply. 

In the case of restraint, it is determined by the sensors, e.g. depending on the 
5 position of the occupant, the mass of the occupant, the severity of the accident or 
the course of the accident with intercalation of a control unit, whether all the 
stages 22, 24, 26 have to be triggered and, if necessary, which stage is to be 
activated at which time. Dependent thereon, entirely different so-called can 
pressure profiles can be achieved, as is indicated by way of example in Fig. 4 for 
10 the case where one or more stages of the gas generator according to Fig. 1 are 
ignited. In Fig. 3 it can also be seen which quantity of gas can be produced in 
relation to the entire quantity of gas generated on ignition of one or more stages. It 
can be seen here very well that very fine graduations are able to be achieved. 

Apart from the can pressure curves shown in Fig. 1, numerous other curves 
15 can also be produced with the gas generator shown in Fig. 1, by for example the 
stages B and C being ignited individually or the stages B or C first being ignited, 
if optionally the other stage or additionally stage A is ignited in some cases. 
Incidentally, the stages A, B, C furthermore correspond to the stages 24, 22 and 
26. 

20 The embodiment shown in Fig. 2 of a four-stage gas generator corresponds 

substantially to the one illustrated in Fig.l with respect to the modular 
construction. Corresponding parts already introduced in connection with Fig. 1 
have a reference number increased by 100. Each stage 112, 114, 116 and 118 has 
a different gas generating output, as is also represented in Fig. 3 on the right half. 

25 The stage 116 corresponds to stage A in Fig. 3 and has 53% of the total gas 
generating output of the gas generator; stage 114 corresponds to stage B in Fig. 3 
and has approximately 27 % of the total gas generating output; stage 112 
corresponds to stage C in Fig. 3 and has approximately 13 % of the total gas 
generating output, and stage 118 corresponds to stage D in Fig. 3 and has 

30 approximately 7 % of the total gas generating output of the generator. 
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In quite general terms, with the at least three-stage gas generator, at least two 
stages should have different gas generating outputs, in order to be able to vary the 
gas output of the entire gas generator. Furthermore, it would be possible to 
provide solid propellant 40 with different geometries in individual combustion 
5 chambers. For example, the tablets could be larger in one stage than those in the 
other stage, whereby different filling quantities can be achieved. Also, different 
charge mixtures for individual chambers would be conceivable. 

In order to prevent, for example, the gas generator shown in Figure 1 from 
being installed in the vehicle turned through 180 degrees (i.e. turned from left to 

10 right) and the igniters being accordingly connected incorrectly, an installation 
position coding means can be provided. This is very simple to produce if, in 
contrast to the illustrated embodiment, the igniter units, viewed transversely to the 
longitudinal extent of the gas generator, are arranged asymmetrically to the outer 
housing 10 and/or asymmetrically to each other. For example, the central igniter 

15 unit 34 could be moved from the center farther to the right, as indicated by the 
central axis A". Then the gas generator could only be installed in one position, if 
for example corresponding mountings for the igniter units 32, 34, 36 are provided 
on the vehicle side. 

The igniter housings 32 can be constructed as fastening means for arresting the 
20 entire gas generator in a gas bag module or directly in the vehicle and designed as 
corresponding fastening means. For example, a thread 100, a groove 102 for the 
introduction of a securing ring 104 can be provided on the igniter housing 42 or a 
so-called 3K profile. A 3K profile is a profile which is not circular in cross- 
section, which has so-called circle key profiles on the periphery, i.e. sections 
25 which have a continuously increasing distance from the central axis in peripheral 
direction. The 3K profile is described in DE 42 09 1 53 Al, for example. 



